Morbillivirus infection was diagnosed in 3 5/67 bottlenose dolphins (Tursiops truncatus ) from the Gulf of Mexico that stranded from October 1 993 through April 1 994 in Alabama, Mississippi, and Texas (US A) during periods of increased dolphin strandings in each of the 3 states. Diagnosis was based on histologic lesions, immunohistochemical demonstration of morbilliviral antigen, and detection of morbilliviral RNA by a reverse transcriptase polymerase chain reaction (RT-PCR) test performed on formalin-fixed, paraffin-embedded tissue (5 dolphins), on histologic lesions and detection of morbilliviral RNA by RT-PCR performed on formalinfixed, paraffin-embedded tissue (1 dolphin), and on detection of morbilliviral RNA by RT-PCR performed on unfixed lung samples collected from carcasses with advanced postmortem autolysis (2 9 
The first known morbilliviral epizootic of aquatic mammals was associated with a 1 0-fold increase in stranding of bottlenose dolphins (Tursiops truncatus ) along the US Atlantic coast from New Jersey to Florida in 1 987 and 1 988. 20 Later in 1 987, a morbillivirus closely related or identical to canine distemper virus killed thousands of Baikal seals (Phoca sibirica ) in Lake B aikal, Russia. 1 2, 25 In 1 988, approximately 1 7,000 harbor seals (Phoca vitulina) of northwestern Europe died during an epizootic caused by a newly recognized morbillivirus related to but distinct from canine distemper virus. 1 4,1 6,23 Another previously unknown morbillivirus most closely related to peste des petits ruminant virus killed thousands of striped dolphins (S te ne lla co eruleo alba ) in the Mediterranean S ea in 1 990 and 1 991 . 1 ,7,8 Histopathologic and immunohistochemical diagnosis of the first recognized case of morbilliviral disease in a marine mammal from the Gulf of Mexico was recently described in a bottlenose dolphin that stranded near Panama City, Florida (US A) in June 1 993 .lg Diagnosis by reverse transcriptase polymerase chain reaction (RT-PCR) of morbilliviral infection in bottlenose dolphins from the US Atlantic coast epizootic and from the Gulf of Mexico also was reported recently. 1 7 In this report, we describe histopathologic, immunohistochemical, and RT-PCR findings that provide evidence that a period of increased stranding of bottlenose dolphins of the Gulf of Mexico was caused by a morbilliviral epizootic.
Materials and methods S tranding data and necropsies. Members of the Marine Mammal S tranding Networks of Alabama, Mississippi, and Texas and US National Marine Fisheries S ervice personnel recorded the date of discovery and location of stranded bottlenose dolphins, performed standard measurements, and, when the carcasses were not severely decomposed, performed necropsies. Numbers of dolphins that stranded each month in each state and historical stranding rates were compiled by the S outheast US Marine Mammal S tranding Network and the National Marine Fisheries S ervice.
Tissues from 8 dolphins that stranded in Alabama and 2 that stranded in Mississippi during periods of increased dolphin strandings in each of the 2 states in 1 993 were collected and placed in 1 0% neutral buffered formalin. Lung, tongue, esophagus, forestomach, pancreas, intestine, spleen, liver, kidney, urinary bladder, adrenal gland, testis, lymph node, aorta, heart, skin, and skeletal muscle were collected, but the tissues collected from each dolphin differed. Lung was always collected. Because of advanced postmortem decomposition, necropsies were not performed on dolphins that washed ashore in Texas during the period of increased dolphin stranding in 1 993 and 1 994; however, samples of lung were collected from 57 of these dolphins and were frozen at -3 C.
Histopathology. Formalin-fixed tissues were embedded in paraffin, sectioned at 5 m, and stained with hematoxylin and eosin (HE) for examination by light microscopy. S elected sections were stained with B rown and Hopps Gram stain, B rown and B renn Gram stain, or by the periodic acid-S chiff (PAS) procedure.
Immuno histo chemistry. An immunoperoxidase technique using a mouse monoclonal antibody against the glycosylated hemagglutinin protein of phocine distemper virus was used to detect morbilliviral antig en as previously described 1 5 but with 2 modifications. First, sections were deparaffinized with a commercial clearing agent. a Second, the anti-phocine monoclonal antibody was used at a dilution of 1 :2 5. This antibody reacts with striped dolphin morbillivirus, harbor porpoise morbillivirus, canine distemper virus, and measles virus. 7,2 2 The other reagents used for immunologic staining were part of a commercially available avidin-biotinperoxidase technique kit. b S ections were counterstained lightly with Mayer s hematoxylin. Tissue sections from morbillivirus-infected striped dolphins were used as positive controls. The specificity of immunologic staining was controlled by using an inappropriate antibody (to chicken anemia virus) on selected sections. Positive reactions were indicated by granular brown staining.
PCR. RNA-containing extracts from formalin-fixed, paraffin-embedded tissue were prepared as described. 1 7 Four to 8 6-m sections were deparaffinized, extraction buffer (2 0 mM Tris-HC1 [pH 7.6], 2 0 mM ethylenediaminetetraacetic acid, 1 % sodium dodecyl sulfate, 0.5 mg/ml proteinase K) was added (600 l/pellet), and the sample was incubated in a 55 C water bath for 4 hr, followed by 2 phenol/chloroform extractions. The aqueous phase from the final extraction was placed in a fresh tube, and nucleic acids were precipitated with 60 l 3 M sodium acetate (pH 5.5), 2 0 g glycogen, and 0.6 volumes isopropanol.
Reverse transcription was performed with a specific primer (primer 1 ) from a conserved region of the morbillivirus phosphoprotein (P) gene 1 as previously described. 1 7 PCR was performed on the first strand cDNA. A PCR reaction mixture containing 1 4 pmol primer 2 (5' -ATTAAAAAGGG(G/ C)ACAGGAGAGAGATCAGCC-3 '), 1 .5 U Taq polymerase, c and 3 l 1 0-fold concentrated PCR buffer c was added to each tube. Amplification was carried out in a thermal cycler c using the following conditions: 94 C for 5 min; 40 cycles of 94 C/1 min, 55 C/1 min, 72 C/1 min; followed by a final 7-min 72 C extension. The products were analyzed by gel electrophoresis. S outhern blots were performed using a dolphin morbillivirus specific oligonucleotide probe , which hybridized to a sequence contained within the amplified 78-base pair product. As a control for amplifiable RNA, RT-PCR for betaactin was performed in each case as previously described. 1 7 Results S tranding data. Dolphin strandings occurred at a higher monthly rate than the previous 5-year historic mean for the corresponding month from July through December 1 993 in Alabama (Fig. 1 ) and from August through December 1 993 in Mississippi, although the mean plus the standard deviation exceeded the stranding rate in August and November in Mississippi (Fig. 2 ) . From December 1 993 through April 1 994, the stranding rate in Texas was well above the historic mean (Fig. 3 ) .
Histopathology. Histologic lesions highly characteristic of morbilliviral disease were present in 6/1 0 dolphins from Alabama and Mississippi (Table 1 ) . Lungs had subacute or chronic interstitial pneumonia syncytial cell with intranuclear inclusion bodies was found in epidermis, and in another, transitional epithelium of the urinary bladder contained numerous intracytoplasmic inclusion bodies (Fig. 5 ).
Lungs of 4/6 dolphins with morbilliviral lesions had acute necrotizing pneumonia associated with fungal hyphae that were 3 -6 m wide and septate and that branched dichotomously at acute angles; hyphae were often in an arboreal pattern, and branches were generally parallel (Fig. 6) , consistent with Aspergillus sp. Lungs of 2 dolphins with pulmonary aspergillosis also contained numerous intra-alveolar gram-negative bacilli that were interspersed with neutrophils. syncytial cells. Pulmonary syncytial cells were identi-MONTH fied in all 6 dolphins with characteristic lesions. Although syncytia were generally present in small num- rounded by a partial or complete ring of nuclei that was in turn surrounded by a peripheral area of clear or vacuolated cytoplasm (Fig. 4) . Rarely, syncytia, type II pneumocytes, and intra-alveolar mononuclear cells had round 3 -8-m-diameter homogeneous eosino-with type II pneumocyte hyperplasia and intra-alveolar philic intranuclear or intracytoplasmic inclusion bodies. Alveoli and airways contained many macrophages and fewer neutrophils. Alveolar septa were thickened by inflammatory cells and in some cases fibroblasts. Lymph nodes contained mildly to markedly decreased numbers of lymphocytes. Occasionally, syncytia were found in lymph nodes, and some contained eosino-characteristic of morbilliviral disease. One of these had subacute pneumonia associated with fungal hyphae consistent with Aspergillus sp. Another had acute bronchopneumonia associated with gram-negative bacilli.
Four dolphins did not have histologic lesions highly
The third had bronchopneumonia associated with metastrongyle lungworms consistent with Halocercus lagenorrhynchi and embolic nephritis caused by unidentified fungal hyphae. No significant lesions were found in the 4th dolphin, but only lung was available for histopathologic examination.
Immunohistochemistry. Morbilliviral antigen was demonstrated in tissues of 6/1 0 dolphins examined histologically and 5/6 dolphins that had histologic lesions of morbilliviral disease. Of the 4 dolphins that did not have morbilliviral lesions, 1 had a small number of positively stained cells in lung, which was the only tissue available for examination; the other 3 were negative by the immunohistochemical test. Positive reactions appeared as diffuse or finely granular brown staining. The cytoplasm of syncytial cells (Fig. 7) and intracytoplasmic and intranuclear inclusion bodies stained intensely. Dolphin tissues incubated with an unrelated monoclonal antibody (to chicken anemia virus) showed no immunohistochemical staining except for nonspecific staining in occasional lymphoid cells. 
Positively stained cells in lung included alveolar and bronchiolar epithelial cells, mononuclear and syncytial cells in alveolar lumina, and interstitial mononuclear cells. In lymph nodes, groups of cortical lymphoid cells often stained positively. Transitional epithelial cells of the urinary bladder were positive in the dolphin that had intracytoplasmic inclusion bodies in those cells. Epidermal cells were negative in the dolphin that had a syncytial cell with intranuclear inclusion bodies in the epidermis, but neither syncytia nor inclusion bod-
ies were present in the tissue sections that were tested.
PCR. All 6 dolphins that had histolog ic lesions highly characteristic of morbilliviral disease were positive by the RT-PCR test for dolphin morbillivirus and were positive for the beta-actin control gene. Positive reaction for beta-actin indicates that RNA that can be degraded to amplify. Thus, 2 9/47 dolphins with RNA that could be amplified were positive for dolphin morbillivirus.
Location and date of stranding of morbillivirus-infected dolphins. S tates in which carcasses were found and dates of carcass discovery for bottlenose dolphins in which morbillivirus infection was diagnosed by histologic, immunohistochemical, and RT-PCR findings are presented in Table 1 . Morbillivirus-infected dolphins stranded along the US coast of the Gulf of Mexico betw een 3 0 1 4 'N, 87 5 O'W in Alabam a and 2 8 48'N, 95 31 'W in Texas. Four infected dolphins stranded in Alabama in 1 993 (2 in October, 1 in November, 1 in December) , 2 stranded in Mississippi in November 1 993 , and 2 9 stranded in Texas in 1 994 (1 in March, 2 8 in April) . , dolphins that were positive by RT-PCR and could not be evaluated histologically or by immunohistochemistry because of advanced postmortem autolysis (2 9 dolphins) , and a single dolphin that had morbilliviral lesions and was positive by RT-PCR but negative by immunohistochemistry were co nsidered to have been infected by morbillivirus. The diagnosis in the case of the dolphin that did not have morbilliviral lesions, was of indeterminate status by RT-PCR, but was positive by immunohistochemistry was considered equivocal.
Discussion S yncytial cells, intracytoplasmic inclusion bodies, and intranuclear inclusion bodies are highly characteristic of morbilliviral disease. 1 0 Dolphins that had such lesions and were positive by immunohistochemistry and by
Histopathologic and immunohistochemical findings were similar to those previously described in morbilliv irus-inf e c te d bo ttle no se do lphins, 1 9,2 0 harbo r seals, 1 4,1 6 harbor porpoises, 1 3,1 5 and striped dolphins. 8 The presence of highly characteristic histologic lesions combined with immunohistochemical demonstration of morbilliviral antigen in affected tissues strongly indicates morbillivirus-induced disease in dolphins that stranded in Alabama and Mississippi (Table 1 ) .
The morphologic features of the fungal hyphae present in lungs of 4/6 dolphins with morbilliviral lesions are consistent with those of Aspergillus sp. 5 Concomitant aspergillosis, an infection generally associated with immunodeficiency, 5 suggests morbillivirus-mediated immunosuppression, as occurs in other species. 1 0 The first Gulf of Mexico bottlenose dolphin found to have morbilliviral disease also was infected by Aspergillus sp. 1 9 S imilarly aspergillosis was diagnosed in 3 /58 striped dolphins that died during the morbilliviral epizootic in the Mediterranean S ea. 8 Although increased strandings of dolphins were not apparent in Florida when the initial morbillivirus-in-fected dolphin stranded there in June 1 993 , 1 9 that case presaged the epizootic. The dolphin stranding rate was elevated from July through December 1 993 in Alabama ( Fig. 1 ) and from August through December 1 993 in Mississippi (Fig. 2 ) . S trandings of morbillivirus-infected dolphins coincided temporally and geographically with these periods of increased strandings (Table  1 ) .
The morbilliviral RT-PCR test produced accurate results in a previous study.
1 7 Positive RT-PCR findings provided further confirmation of the diagnosis of morbillivirus infection in the dolphins that stranded in Alabama and Mississippi (Table 1 ). One dolphin that had morbilliviral lesions was negative by immunohistochemistry but positive by RT-PCR because of the greater sensitivity of the In Texas, the dolphin stranding rate was elevated from December 1 993 through April 1 994, consistent with a westerly advance of the epizootic from Alabama and Mississippi (Fig. 3 ) . No information on dolphin strandings in Louisiana is available for 1 993 and 1 994 because no active stranding network covered that area at that time. S ome of the decomposed dolphin carcasses that washed ashore on the eastern Texas coast may have died off the Louisiana coast. The RT-PCR test detected morbilliviral infection in tissues from 2 9/ 57 Texas dolphins that were in advanced stages of postmortem decomposition, precluding diagnosis by other methods. S amples from 1 0 of the 57 dolphins tested were so severely decomposed that nucleic acids could not be amplified. Thus, 2 9/47 (62 %) Texas dolphins that could be evaluated for the presence of morbilliviral RNA were positive. The strandings of morbillivirus-infected dolphins in Texas occurred during the period of increased stranding in that state. When considered in conjunction with the diagnosis of morbilliviral disease by histopatholog ic, immunohistochemical, and RT-PCR methods in dolphins that stranded in Florida, 1 7,1 9 Alabama, and Mississippi during the preceding months, the detection of morbilliviral RNA in the Texas dolphins provides strong evidence of an extensive morbilliviral epizootic in bottlenose dolphins of the Gulf of Mexico. PCR results for 1 of the dolphins that stranded in Mississippi, 1 of those that stranded in Alabama, and 3 0 of those that stranded in Texas were reported previously. 1 7 The origin of the morbillivirus that caused this epizootic is unknown. Attempts to culture morbilliviruses from bottlenose dolphins that died during the 1 987-1 988 Atlantic coast epizootic 1 1 and the Gulf of Mexico epizootic were unsuccessful (M. J. G. Appel, personal communication) .
Morbilliviral epizootics of aquatic mammals have not been recognized prior to 1 987. Including the presently reported outbreak, 5 morbilliviral epizootics have affected 4 aquatic mammal species in the waters of 3 continents from 1 987 through 1 994. 7,1 2 ,1 6,2 0 The reasons for the sudden emergence of morbillivirus infection as the most significant cause of mass mortality of phocids and odontocete cetaceans 9 are unclear. Previous morbilliviral epizootics have probably affected groups of aquatic mammals but were not recognized. The possibility of an outbreak in crabeater seals in Antarctica in 1 955 has been raised. 2 Genetic and antigenic studies of aquatic mammal morbilliviruses have shown that the striped dolphin and harbor porpoise viruses differ substantially from the phocine viruses; the dolphin/porpoise viruses are more closely related to ruminant morbilliviruses, particularly peste des petits ruminant virus, and the photine viruses are more similar to the carnivore morbillivirus, canine distemper virus. 1 ,23,24 Thus, a single virus with a broad host range does not appear to be the cause of the series of epizootics.
Morbilliviruses have caused epizootics, often with high mortality, when endemically or enzootically infected species contacted related species that lacked specific immunity. Examples include human measles virus infection of nonhuman primates 3,1 8,21 and canine distemper virus infection of black-footed ferrets (Mustela nigripes ) . 26 Antibody titers to morbilliviruses have been found in sera of harp seals (Phoca groenlandica ) and ringed seals (Phoca hispida ) of Greenland collected prior to the 1 988 European harbor seal epizootic, prompting speculation that contact between infected harp or ringed seals and naive harbor seals might have caused that epizootic. 6 Similarly, contact between enzootically infected and naive groups of the same species might cause epizootics. Outbreaks of rinderpest in cattle 4 and measles in humans 3 provide examples of this phenomenon. Thus, some Atlantic coast bottlenose dolphins exposed to morbillivirus during the 1 987-1 988 epizootic may have become enzootically infected and may have transmitted the virus to bottlenose dolphins of the Gulf of Mexico, causing the epizootic. Additional studies of marine mammal morbilliviruses, their epizootiology, and the diseases they cause are needed to better understand this remarkable series of epizootics.
